VIII. EXPRESSIONS FOR THE AVAILABLE ENERGY etc.
and
(93)                    dA -
If the total quantity of heat received in any time-interval by the auxiliary body is made equal to zero, the auxiliary body may be removed, and if the volume be kept constant the conditions will be those of a system completely closed from outside influence. Equating to zero the heat received by the auxiliary body we have
whence
S ~ constant also
(94)
For equilibrium dA = 0 subject to
(95)
This requires the obvious conditions
Tl = T3 = • • • = Tr    and   pl = p% = - - • = pr and the maximum work obtainable under these conditions is
Since dQr here represents heat taken from the rth body instead of heat given to that body, dQr is equal and of opposite sign to the ordinary dQ of thermodynamics, and therefore dQr + prdVr = — dUr, and the expression for the available energy becomes
(96)        A-- ^fd Ur - - Jd U=U-U,    (say)
the integration being made along an isentropic path from the given state to the state in which the energy UQ is a minimum subject to the condition of constant entropy.
The condition for stable equilibrium requires that the available energy shall be a minimum, and therefore that the total energy U shall be a minimum for variations which keep the entropy 8 constant. This is one of the two alternative conditions of stability of an isolated system given by Gibbs in the following statement: —
For the equilibrium of any isolated system it is necessary and sufficient thate converted into work by expansion and transference of heat between different parts of the system, assume an auxiliary body at temperature TQJ and in the first place suppose heat is transferred between the various bodies of the system and the auxiliary body b}7; means of Carnot's cycles.
